მაკოპირებელი ჩარხის მოთვალთვალე ამძრავის ჰიდრომექანიკური სისტემის მოდელირება და დინამიკური გამოკვლევები by ზუბიაშვილი, გიორგი
                                                                                                                          
 
საქართველოს ტექნიკური უნივერსიტეტი 
 






მაკოპირებელი ჩარხის მოთვალთვალე ამძრავის 
ჰიდრომექანიკური სისტემის მოდელირება 




დოქტორის აკადემიური ხარისხის მოსაპოვებლად  
წარდგენილი დისერტაციის 
 










2013  წელი 
 2
სამუშაო შესრულებულია საქართველოს ტექნიკური უნივერსიტეტის 
სატრანსპორტო და მანქანათმშენებლობის ფაკულტეტის N 133 საწარმოო 
ტექნოლოგიური მანქანების და მექატრონიკის დეპარტამენტში 
 
 
სამეცნიერო ხელმძღვანელი: საქართველოს ტექნიკური უნივერსიტეტის 
             სრული პროფესორი, ტექნიკის მეცნიერებათა 
             დოქტორი 
        თ. მჭედლიშვილი 
რეცენზენტები:  
1. ტ.მ.დ., სრული პროფესორი 
ბ. ბოქოლიშვილი 
2. ტ.მ.კ.,  სსიპ რ. დვალის მანქანათა მექანიკის 
ინსტიტუტის უფროსი მეცნ. თანამშრომელი 
რ. ფარცხალაძე 
 
დაცვა შედგება 2013 წლის ”15” ივლისი , 1400  საათზე 
საქართველოს ტექნიკური უნივერსიტეტის სატრანსპორტო და 
მანქანათმშენებლობის ფაკულტეტის სადისერტაციო საბჭოს სხდომაზე, I 
კორპუსი, აუდიტორია N 617 გ. 
მისამართი: 0175, თბილისი, კოსტავას 68ბ. 
 
დისერტაციის გაცნობა შეიძლება სტუ-ს ბიბლიოთეკაში, 
ხოლო ავტორეფერატის - სტუ-ს  ვებ-გვერდზე 
 
 
სადისერტაციო საბჭოს მდივანი  






naSromis zogadi daxasiaTeba 
 
samecniero-teqnikuri progresis ganviTarebis Tanamedrove 
etapi mWidro kavSirSia efeqturi teqnologiebis danergvaze 
dafuZnebuli warmoebis srulyofaze da muSebis Sromis 
gamaumjobesebeli, Sromatevadi sawarmoo procesebis meqanizi-
rebisa da avtomatizirebisaTvis saWiro maRalmwarmoebluri 
mowyobilobebis Seqmnaze. 
teqnologiur procesebs, romlebic xasiaTdebian 
mniSvnelovani sirTuleebiT, meqanizaciisa da avtomatizaciis 
xarisxis amaRlebis mxriv, ganekuTvneba Tanamedrove teqnikaSi, 
kerZod saavejo warmoebaSi, gamoyenebuli rTulprofiliani 
zedapiris mqone detalebis damuSaveba. 
cnobilia, rom meqanikuri damuSavebiT detalebis 
rTulprofiliani zedapirebis formawarmoqmnas aqvs sakmaod farTo 
teqnologiuri gamoyeneba. am mxriv sakopire meqanizmebis, 
mrudxazobrivi (gaRunuli da mrudwirul-fasonuri) detalebis 
meqanikurad dasamuSavebeli Carxebisa da saCarxo sistemebis 
Seqmna da Semdgomi srulyofa warmoadgens mniSvnelovan faqtors. 
Tanamedrove avejis rTulprofilian zedapiris mqone 
detalebis damuSavebis meqanizirebisa da avtomatizirebisaken 
swrafvam migviyvana, meqanikuri kopirebis pirdapiri moqmedebis da 
mTliani gare datvirTvis kopiris zedapirze pirdapiri zemoqmedebis 
rigi specializirebuli da sakopire-saxexi specializirebuli 
Carxebis Seqmnis aucileblobasTan. 
SemuSavebuli da SemuSavebaSi myofi sakopire Carxebis 
analizi gviCvenebs, rom:^ 
− dRevandeli droisaTvis SemuSavebuli mimyoli meqanizmebis da 
saCarxo sistemebis struqturuli sqemebis da konstruqciebis 
garkveuli mravalferovnebis miuxedavad SeiZleba Sevsebul 
iqnen warmoebebis konkretuli saxeobebisTvis ufro efeqturi 
axali sqemebiTa da konstruqculi gadawyvetilebebiT; 
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− CarxebSi gamoyenebuli mimyoli meqanizmebi ganekuTvnebian 
rTul arawrfiv arastacionarul dinamikur sistemebs. drekad-
disipaciuri da arastacionaruli kavSirebi, damaxasiaTebeli 
gansaxilveli mimyoli meqanizmebis meqanikuri sistemebisaTvis, 
ganpirobebuli drekadi maxasiaTeblebiT da sistemis calkeuli 
rgolebis mdebareobis arawrfivi funqciebiT, axdenen 
mniSvnelovan gavlenas maTSi mimdinare dinamikur procesebze, 
romlebic Tavis mxriv, mTlianobaSi bevrad ganapirobeben 
saCarxo sistemebis muSaobis teqnikur maxasiaTeblebs. 
gansaxilveli mimyoli meqanizmebis damuSavebisa da 
kvlevebis samuSaoebis mimoxilva migvaniSnebs maTSi mimdinare 
dinamikuri procesebis analizisa da sinTezis meTodebisa da 
meTodikebis efeqturobis amaRlebis samecniero teqnikuri 
amocanebis aqtualurobaze.   
naSromis mizans warmoadgens rTulprofiliani detalebis 
damamuSavebeli saCarxo mowyobilobebis funqcionaluri 
SesaZleblobebis TvalsazrisiT axali ufro srulyofili 
struqturulad rTuli mravalganzomilebiani hidromeqanikuri 
moTvalTvale meqanizmebis sqemebis da modelebis, dinamikuri 
kvlevis meTodebisa da meTodikebis SemuSaveba, mimarTuli 
gansaxilveli mowyobilobebis proeqtirebisa da eqspluataciis 
maCveneblebis efeqturobis amaRlebisaken. 
dasaxuli miznis miRwevisTvis kvlevis amocanebSi CarTulia:  
− rTulprofiliani detalebis xexvisaTvis gankuTvnili saCarxo 
mowyobilobebis arsebuli da modificirebuli sqemebis, maTi 
agebisa da dinamikuri kvlevis meTodebis da meTodikebis 
analizi; 
− avtomatikis pnevmaturi da hidravlikuri elementebisa da 
sistemebis Semcveli pirdapiri kopirebis modificirebuli 
sqemebis mqone saCarxo mowyobilobebis SedarebiTi analizi da 
kvlevis amocanebis Camoyalibeba; 
− hidromeqanikuri moTvalTvale sistemis gamoyeneba rTulpro-
filiani detalebis orkoordinatiani kopirebiT damuSavebisaTvis 
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gamiznuli rotorul-saxexi Carxis funqcionaluri da 
struqturuli sqemebis agebis sakiTxebis analizi; 
− orkoordinatiani kopirebis saCarxo sistemis elementebis 
moZraobaTa struqturuli modelis SemuSaveba; 
− hidroficirebul rotorul-saxex CarxSi pnevmocilindrebis 
RerZebisa da dasamuSavebel zedapirTan kontaqtis wertilebis, 
mmarTveli rgolisa da Carxis rotoris fardobiT moZraobebis 
ZiriTadi kinematikuri kanonzomierebebis gansazRvra rgolTan 
erTad rotoris wriul brunvasa da dasamuSavebeli namzadis 
grZiv moZraobebTan urTierTkavSirSi; 
− mTliani sistemis  dinamikis modelSi hidravlikuri nawilis 
maTematikuri modelis CarTvis struqturuli sakiTxis 
ganxilva da moTvalTvale sistemebis dinamikis maTematikuri 
modelis ageba; 
− rogorc dafiqsirebuli, agreTve mbrunavi rotoriani 
moTvalTvale sistemis kvlevis meTodikebis SemuSaveba; 
− sakvlevi arawrfivi arastacionaluri hidromeqamikuri 
moTvalTvale sistemebis parametruli sinTezis gamoyenebiTi 
Teoriis SemuSaveba, am Teoriis aprobacia konkretuli sawyisi 
araregulirebadparametrebian sistemaze da SemuSavebuli 
Teoriis SesaZleblobebis analizi.  
naSromis samecniero siaxle mdgomareobs: 
− avejis merqnuli detalebis xexviT damuSavebisaTvis 
gamiznuli orkoordinatiani kopirebis hidromeqanikuri 
moTvalTvale sistemiT aRWurvili Carxis SemuSavebul 
originalur sqemaSi; 
− agebis originalur kanonzomierebaSi da SemoTavazebuli 
Carxis hidromeqanikuri moTvalTvale sistemis dinamikis 
SemuSavebul modelebSi; 
− dinamikuri kvlevebis mimarT gamoyenebul originalur 
meTodologiur midgomebSi da kvlevis miRebul SedegebSi. 
naSromis praqtikul Rirebulebas Seadgenen: 
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makopirebeli Carxis SemoTavazebuli originaluri sqemebi, 
sakvlevi arawrfivi arastacionaruli regulirebis sistemebis 
maTematikuri modelebi, kvlevis meTodebi da meTodikebi, 
gamiznuli sakvlevi sistemis parametrebis optimizaciuri 
SerCevisaken.  
naSromis aprobacia. naSromis ZiriTadi Sedegebi moxsenebuli 
iqna saqarTvelos teqnikuri universitetis 90 wlisTavisadmi 
miZRvnili saerTaSoriso da saqarTvelos teqnikuri universitetis 
srudentur saerTaSoriso konferenciebze. 
publikaciebi. disertaciis masalebi warmodgenilia 7 
samecniero naSromSi da 1 gamogonebasTan dakavSirebul 
biuletenSi. 
naSromis struqtura da moculoba. sadisertacio naSromi 
Sedgeba Sesavalis, literaturuli mimoxilvis, daskvnebisa da 
gansjisa da saerTo daskvnebisagan. warmodgenilia 130 gverdze, 
Seicavs 29 naxazs da literaturis sias 151 dasaxelebiT. 
 
naSromis ZiriTadi Sinaarsi 
 
Sesaval nawilSi dasabuTebulia sadisertacio naSromis 
aqtualuroba. 
Tavi 1. literaturuli mimoxilva. Catarebulia rTulpro-
filiani zedapirebis damamuSavebeli Carxebisa da saCarxo 
xazebis agebisa da kvlevis sakiTxebis Tanamedrove mdgomareobis 
analizi. 
gaanalizebulia sxvadasxva daniSnulebis rTulprofiliani 
detalebis formawarmoqmnisaTvis gamoyenebuli meqanikuri 
damuSavebis meTodebis jgufi. 
naCvenebia, rom saavejo mrewvelobaSi rTulprofiliani 
detalebis damuSavebisaTvis farTo gamoyeneba hpoves makopirebelma 
Carxebma. Catarebulia arsebuli Carxebis sqemebisa da 
konstruqciebis analizi, romelTa Soris saWiroa aRiniSnos 
Tbilisis xis damuSavebis mrewvelobis samecniero-kvleviTi 
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institutis muSakebis saqarTvelos teqnikuri universitetis 
muSakebTan erTad SemuSavebuli rTulprofiliani detalebis 
dasamuSavebeli rotorul-saxexi Carxebi da saCarxo sistemebi, 
gamiznuli mbrunavi namzadis damuSavebisaTvis mbrunavi gasaberi 
saxexi pnevmovilindrebiT. 
naxazze 1 moyvanilia rotorul-saxexi makopirebeli Carxis 
erT-erTi varianti. naxazze: 1 – detali, romelic gadaadgildeba 
naxazis perpendikularuli mimarTulebiT, 2 da 6 mxreulebiani 
saxsrovani paralelogramis barbaca 3-ze dayenebuli Carxis 
rotori; 7 da 8 – mbrunav rotorze damontaJebuli da Tavisi 
RerZebis mimarT brunvis calke amZravis mqone saxexi 
pnevmocilindrebi; 9 zambarebis daniSnulebaa meqanizmis moyvana 
sawyis mdebareobaSi, dempferi 6 ki gamiznulia muSaobis 
procesSi aRZruli rxevebis CasaxSobad. detalis mrudwiruli 















aRwerili Carxi ganpirobebulia brtylad-gaRunuli 
rTulprofiliani detalebis dasamuSaveblad am Carxis Semdgom 
funqcionalur ganviTarebas miekuTvneba cvalebadkveTiani 
mrudwiruli Zeluri detalebis orkoordinatiani meqanikuri 











aRniSnulia, rom aRwerili makopirebeli Carxebis 
efeqturobis Semdgomi amaRlebis TvalsazrisiY erT-erTi 
prioritetuli mimarTulebaa saCarxo sistemebis aRWurva pnevmo- da 
hidrosistemebiT. 
meores mxriv ki makopirebeli Carxebis moTvalTvale 
meqanizmebi moiTxoven optimizaciur gamoTvlebs, mimarTuls 
muSaobis efeqturi statikuri da dinamikuri maxasiaTeblebis 
miRebisaken. am mizniT Catarebulia dinamikuri procesebis 
Seswavlisa da meqanizmebis proeqtirebis Tanamedrove meTodebis 
mimoxilva. aRniSnulia, rom struqturulad rTuli dinamikuri 
sistemebis, romlebsac miekuTvnebian SemoTavazebuli makopirebeli  
Carxebis moTvalTvale sistemebi, kvlevis erT-erT efeqtur 
meTods miekuTvneba regulirebis sistemebis sinTezis meTodi 
mocemuli gardamavali procesebis mixedviT. 
Tavi 2. Sedegebi da maTi gansja. pnevmo da hidrosistemebiT 
aRWurvili makopirebeli Carxebis magaliTebs warmoadgenen 
cnobili: avtomatikis pnevmaturi elementebiT aRWurvili saxarato 
Carxis fardobiTi moZraobebze agebuli pirdapiri kopirebis 
sistema da hidravlikuri moTvalTvale amZravebis gamoyenebaze 
agebuli rotorul-saxexi Carxi, romlis sqema moyvanilia nax. 2. 
aq, rogorc zemoT moyvanil rotorul-saxex CarxSi, sabazo 
elementebs warmoadgenen mbrunavi saxexi pnevmocilindrebi 1 da 2, 
TviT Carxis rotori 7 da mxreulisagan Sedgenili saxsruli 
paralelogrami. Zveli Carxisagan gansxvavebiT sakuTari RerZebis 
irgvliv mbrunavi saxexi pnevmocilindrebi saxsruladaa 
dayenebuli Carxis rotorze da arian dazambarebulni zambarebiT 
10, saxexi pnevmocilindrebi Tavis mxreulebTan erTad 
gawonasworebulia sapirwonebiT 17, dempferebis  11 daniSnulebaa 
damuSavebis procesSi aRZruli rxevebis CaxSoba. namzadis 
profilis mimarTulebiT saxexi pnevmocilindrebis miTvalTvale 
gadaadgilebebi. nax. 1-ze moyvanili Zveli Carxisagan gansxvavebiT 
12 da 13 mxreulebTan saxsrulad dakavSirebuli moTvalTvale 
rgolis meSveobiT gadaecemian Carxis rotors ara pirdapir, 
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aramed hidromeqanikuri kinematikuri kaWviT, romelic Sedgeba 
berketidan – 15, saxsruli paralelogramis barbacaze dayenebuli 
mmarTveli moTvalTvale mkveTarisagan – 8 da hidrocilindrisa-
gan – 9. zambarebi 14 da 16 saWiroa mmarTaveli rgolis Carxis 




aRwerili hidroficirebuli Carxis Semdgomi funqcionaluri 
da Sesabamisad struqturuli srulyofis TvalsazrisiT 
naSromSi SemoTavazebulia mrudwirul-fasonuri detalebis 
hidroficirebuli rotorul-saxexi Carxi, romlis struqturuli 
sqema moyvanilia nax. 3.. 
nax. 3: 1 – saCarxo rotori, 2 – saxexi pnevmocilindrebis 
RerZuli gadaadgilebebis muSta meqanizmi, 5, 6 da saxexi 
cilindrebis meqanizmis mxreulebi, 7, 8, 4 – specialuri rgoli, 
romelic saxsrulad dakidulia berketuli meqanizmebis meSveobiT 
13, 14, 19-22 Carxis rotorze, 23 – mqnevara, 24 da 25 – mqnevarebi, 
romlebzedac saxsrulad dakidulia mqnevara 23. rgoli 4 
horizontaluri mimarTulebiT (23 mqnevaras sibrtyis gaswvriv) 
zemoqmedebs berketuli gadacemis meSveobiT moTvalTvale 
mkveTaraze, romelic damagrebulia mqnevara 23-ze. es mkveTarebis 
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sistema zeTsadenebis meSveobiT dakavSirebulia hidravlikur 
cilindrTan 27, romelic dguSis koWiT dakavSirebulia mxreulTan 




















ganxiluli moTvalTvale sistemis dinamikis maTematikuri 
modelis asagebad pirvel rigSi ganvixilavT Carxis muSa 
organoebis fardobiTi moZraobebis kinematikas makopirebeli 
moZraobebis realizaciis procesSi. amasTan dakavSirebiT (nax. 4)-
ze warmodgenilia pnevmocilindrebis fardobiTi moZraobebis 
kinematikis sqema, sibrtyeSi, romelic perpendikularulia 
namzadis RerZuli gadaadgilebis veqtorisa. 
nax. 4: 1 – dasamuSavebeli namzadi, 2 – saxexi pnevmocilindri; 
3 – moTvalTvale rgoli; Op  da Oз _ namzadisa da rotoris 
RerZebis mimdinare mdebareobebi, romlebic xasiaTdeba Sesabamisad 
Хр da Xз koordinatebiT, uZrav sakoordinato sistemaSi 0000 zyxO , 





















Ok _ rgolis RerZis mimdinare mdebareoba 3; ϕ _ rotoris 
brunviTi moZraobis kuTxuri koordinati; α _ rotoros damWeri 
mxreulis moqanave moZraobis kuTxuri koordinati; 4 – mxreuli, 
romelic kinematikurad aris dakavSirebuli pnevmocilindrebis 
radialur gadaadgilebasTan (mxreulebi 7da 8 nax. 1); 5 – zambara, 
romelic dayenebulia pnevmocilindrebsa da  moTvalTvale rgols 


















mimdinare gadaadgileba pnevmocilindris namzadTan 
kontaqtis wertilisa y′  RerZis mimarTulebiT koordinatTa 
sistemis mimarT gamoisaxeba damokidebulebiT 
3sin rxy kk += ϕ ,                           (1) 
sadac −kx  K wertilis koordinataa, xolo −3r namzadis kveTis 
radiusi. 






















)(cos)(sinsin 111111 kзpзш xrRxxy +−+−= γδϕϕ ;          (2) 
)(cos)(sinsin 222222 kзpзш xrRxxy −−−−= γδϕϕ ,         (3) 
sadac δ1 da δ2 _ Sesabamisad aris pirveli da meore 
pnevmocilindrebis mimdinare deformaciebi; 1γ  da 2γ  mxrebis 
daxris kuTxeebi pirveli da meore prevmocilindrebis K1 da K2 
kontaqtis wertilebSi; 1зx  da −2зx namzadis RerZis koordinatebi 
K1 da  K2 kontaqtis wertilebSi; 1шy  da −2шy pnevmocilindrebis 
brunvis centrebis koordinatebi; R _ pnevmocilindris diametri 
aq 1зx  da 2зx  aris funqciebi 
)(1 kз xfx =  da )(2 kз xfx =  
da TavisTavad −)( kxr ganisazRvreba namzadis kveTis radiusi, 
romelic mrudwirul-fasonuri zedapirebis SemTxvevaSi aris 
cvlad urTierTkavSirSi kontaqtis wertilebis 1K  da 2K  
RerZul mdebareobebTan 
Tanaxmad (2) da (3) 
111111 )(cossin)(cos шkзpз yxrRxx −++−= γϕγδ ;             (4) 






































δδ ;          (10) 






;      (11) 
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kшC yyC −=Π ;                          (14) 
( )212 sin21 pkc xyC −=Π ϕ ;                        (15) 






;                     (16) 








































,                            (21) 
sadac −δC pnevmocilindrebis sixiste, −1C zambarebis sixiste, 
romlebic dayenebulia moTvalTvale rgolsa da pnevmocilind-
rebis mxreulebs Soris; −2C zambarebis sixiste, romlebic 
moTavsebulia hidravlikuri gamanawileblis mkveTarasa da 
moTvalTvale rgols Soris; 1δΠ , 2δΠ , 11cΠ , 12cΠ  da −Π 2c  
potenciuri energiis Semdgenebi, gansazRvruli Sesabamisi 
drekadi elementebiT. 
lagranJis meore gvaris gantolebis meSveobiT, zogadi 
formiT rgolis dinamikis gantoleba (zemoqmed mowyobilobebTan 


















































⎡ −=Φ ϕ .  (24) 
кT , кΠ  da −Φ к Sesabamisad kinetikuri da potenciuri 













































































& ,                   (27) 
xolo ganzogadoebuli Zalebis gamosaxuleba: 
ϕγδδ sinsin 111 CfQ pp = ;                           (28) 
ϕγδδ sinsin 212 CfQ pp = ,                           (29) 
















sadac 1зf  da −2зf profiluri mrudebis pirobiTi aRniSvnebi 
kontaqturi wertilebis 1K  da 2K  farglebSi; −кz namzadis 
moZraobis grZivi koordinati; −pf Wris Zalis koeficienti. 
SegviZlia gadavideT gantolebebis gaSlil formaze, 








yxrRxxCyybym кpзшкшшш γϕγδ&&&&  




1)( шкpзкшшшш yxrRxxCyybym γϕγδ&&&&  
212 )( 2 pк QyyC ш =−+ ;                            (31) 
+−+−+−+−+ )()()()( 2121112211 шкшкшкшшкшкк yyCyyCyybyybym &&&&&&  
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0|sin|)|sin|(2 =−+ ϕϕ pк xyC .                     (32) 
am gantolebebSi 1шm , −2шm masebi, romlebic gansazRvrulia 
saxexi pnevmocilindrebis masebiT da maTze dayvanili 
erToblivad gadaadgilebadi meqanikuri rgolebis masebiT. 
gamosakvlevi moTvalTvale amZravis hidravlikuri nawilis 









11 121 &&&& ,           (33) 
sadac −np siTxis wneva, romelic moyvanilia mmarTveli 
oTxRarian mkveTarasTan, жk  da −1vk Sesabamisad, sixistis 
koeficientebi da hidravlikuri sistemis dayvanili gaZlierebis 
koeficienti siCqaris mixedviT; −1B koeficienti, romelic 
aRricxavs blanti xaxunis danakargs zeTsadenebSi, romlebic 
aerTebs mkveTarul gamanawilebels hidrocilindrTan; 
−2B koeficienti, romelic aRricxavs danakargs inerciis Zalidan, 
gamowveuls am zeTsadenebSi moTavsebuli siTxisagan; х – 
hidricilindris dguSis gadaadgilebis koordinati; −гцF  











Π∂++= ∑ ,            (34) 
sadac −rk rotoris RerZze da Zaluri pnevmocilindrze modebuli 
Zalebis dayvanis koeficienti: 
pmpmpx xsignCfQ &ϕδδδ cos)( 21 += ;                       (35) 






ϕϕϕ 42121 sin2sin2sin2                          
               −+=− pк xCCyC )sinsin(2sinsin2 422122 ϕϕϕϕ  
        кyCC )sinsinsin(2
2
21 ϕϕϕ +− ,                         (36) 
−mpf mSrali xaxunis Zalis koeficienti; −pm Carxis rotoris 
RerZze dayvanili gadaadgilebadi nawilebis masa; −pb  
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dempfirebis koeficienti; −mpxF xaxunis Zala hidrocilindrSi da 
Carxis meqanizmebSi, dayvanili px  koordinatze; Φ – disipaciuri 
funqcia. 
gaSlili formiT gveqneba: 




















kxbxmk &&&&&& 21)( δδ  
   ×−++−= )sinsin()(11 121 ϕϕpкгц
n
vж xysignxBxBFFp
kk &&&  
         ( ) ϕϕ sinsinpк xy −× ,                                       (37) 
sadac  
         ++++= pкpppppprгц xbxCxCxbxmkF &&&& ϕϕ sinsin2sin2)( 3221[  
         =−−⋅++ ]22121 sin2sin2cos)( ккккpmp ybyCyCxsignCf && ϕϕϕδδδ  
         −+++= pкpppppr xbxcxCxbxmk &&&& ϕϕ sinsinsin(2)( 3222[  
         = ( ) +⋅++−−− pmpккк xsignCfybyCC && ϕδδϕϕ δ cos)(sinsin2 21221  
rpppp kxbxm ]&&& ++ ,                                          (38) 
−F Semsrulebeli hidrocilindris dguSis farTobi; 
vpv kkk 11 = ; 
−1pk mkveTaraze momqmedi, berketis gadacemis ricxvi; −vk gaZlierebis 
koeficienti hidravlikuri sistemis siCqariT. 
gardaqmnili saxiT gveqneba: 









ppгppг &&&&&&  
         ( ) +−+−−+ ϕγϕ sin)()(cos1sin)( 1222113 [] pзшк xxyxr  
         ( ) =−++++ ϕϕϕγ sinsinsin)(cos 22232 ] кppгшк ycxbkyxrR &  
   ×−++−= )sinsin()(11 12 ϕϕpкгц
n
vж xysignxBxBFFp
kk &&&  
         ( ) ϕϕ sinsinpк xy −× .                                       (39) 
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aqve aRvniSnavT, rom miRebuli modeli arawrfivi 
arastacionaruli sistemisaTvis damatebuli unda iyos 
transcendenturi algebruli gantolebebiT: 
11011 sin)( γδ−+= Rzz шк ;                       (40) 
22022 sin)( γδ−+= Rzz шк ,                       (41) 
SegviZlia CavweroT: 
         +++++ ϕsin2 pppгpжpppгppг xCxbkxkxbkxmk &&&&&&&&  
         +∆+∆+⎟⎟⎠
⎞
⎜⎜⎝








2 Rkxkxk гзгpг                     












   ×−++−= )sinsin()(11 12 ϕϕpкгц
n
vж xysignxBxBFFp
kk &&&  






































xrxrxr −=∆ ,                            (45) 
miRebuli damokidebulebebis gamoyenebiT vaxorcielebT 
dinamikis gasaSualebul da gawrfivebul modelebze gadasvlas, 
rac warmoadgens rTul arawrfivi arastacionaruli sistemebis 
efeqturi Seswavlis safuZvels. 
upirveles yovlisa vixilavT gamosakvlevi  sistemis 
hidravlikuri nawilis arawrfivi da arastacionaluri dinamikis 
gantolebis gawrfivebis amocanas. 
gawrfivebis procedurebis Catarebis Semdeg miRebuli iqna  
Semdegi gantolebaTa sistema:  
++−=+++ RCxxCyCCybym pзшшшшш 1*11*1111*11111 cossin)()( γϕ δδδ&&&  
11111)( pкшкк QybyCxr ++++ & ;                       (46) 
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      −−−=+++ RCxxCyCCybym pзшшшшш 2*22*2212*22222 cossin)()( γϕ δδδ&&&  
22122 )( pкшкк QybyCxr −++− & ;                       (47) 
      =+++++ ккккшшкк yyCyCCybbym ϕ22121121 sin)()( &&&  
  ϕsin2212111 pшш xCyCyC +−= ;                       (48) 




kxbkxmk )()()()( ε&&&&&&&&& &&&  
 [ ] ( )=++++ pmpxmprpvжpx xsigndtdFCfkxkkxtC &ϕϕ δε cos  sin)( 121  
      +++−++= кккypmpкxyкyxкvж ybytCxsigntCytCytbykk &&&&&& )()()()( |sin|1 εϕ  
       |sin||sin|)( ϕϕ γRkxrkxk rкзrзr ∆+∆+∆+ ,             (49) 
sadac 
  ;cossin2sin2)( 32
2
1 ϕϕϕϕ &кx bCCtb ++=  
  ;sin6sin2)( 32
2
1 ϕϕϕ && CCtCx +=  
  ( );sinsin2)( 122 ϕϕ CCtCy +=  
  )()( tAtb xmxm ε&&&& = ; 
  )()( tAtb bxx εε = ; 
  ( ) )(sinsin)( 3221 tCCAtC cxx εϕϕε += ; 
  );()( tKtb byx ε=&  
  ( ) );(sinsin2)( 2221 tCCbKtC кbxy εϕϕ +=  






mp εϕδδδε ++= ; 
  );( 2BmKA pbxm +=&&  








  ( )pxyt ϕϕε 2sinsin)( −= ; 
  );sinsin(2)( 1
2
2 ϕϕ CCtCy +=  
  ( ) ϕδϕγδγδ γδδϕ sinsinsinsin)( 2211 ∆∆∆ =+= CfCftC pp . 
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amis Sedegad miRebul iqna sakvlevi sistemis dinamikis 
gawrfivebuli arastacionarul modeli, romelic arastacionaruli 
sistemebis analizis cnobili meTodebis Tanaxmad iTvaliswinebs 
gasaSualedebul dinamikur modelebze gadasvlas. 
gasaSualedebul modelebze gadasasvlelad gamoyenebuli 
iqna Semdegi damokidebulebebi.               
           ϕ2cos5,05,0cos2 += ; 
      ϕϕ ϕϕ 2cossin 1ss aa −≈ ; 
      ϕϕ ϕϕ 2coscos 1cc aa +≈ ; 
      ϕϕϕ ϕϕϕ 4cos2cossin 2103 −−≈ ззз aaa ; 
      ϕϕϕϕ 4cos125,02cos5,0375,0sinsin3 +−= ; 
           ( ) ( ) −++−+= ϕϕϕ ϕϕϕϕϕ 2cos25,05,05,05,05,0sinsin 20102 123 sзss aaaaa  
               ,6cos25,04cos)5,05,0( 2
2
12 ϕϕ ϕϕϕ ssз aaa +−−  
sadac 
  ;25,05,00 10 ssз aaa ϕϕϕ +=  
  );(5,0 11 ssз aaa ϕϕϕ +=  
  .5,0 12 sз aa ϕϕ =  
zemoT miRebuli maTematikuri modelebi, Seesabameba 
samuSao reJims mbrunavi rotoriT. muSaobis reJimSi, rodesac 
rotori dafiqsirebulia saqme gvaqvs regulirebis stacionarul 
sistemasTan. aseTi sistemis maTematikuri modelis agebisaTvis 
aucilebelia gamoyenebuli iqnes Semdegi sawyisi winamorbed 
amocanebTan SedarebiT garkveul wilad saxecvlili 
gamosaxulebebi:  
δ
δ γγ CyrRxxy шзpзш ][ 11121 cos)(cos
11 −−+−=∂
Π∂
;            (50) 
δ
δ γγ CyrRxxy шзpзш ][ 12222 cos)( cos
12 −−+−−=∂
Π∂



































.                             (55) 
sistemis gantolebebSi warmoiqmnebian wevrebi 
   kp yCCxCC && )(2)(2 2121 +−+ ;                        (56) 
;22 kkpk ybxb &&&& −                                    (57) 





















1 ε .             (58) 
wina gadmocemulis gaTvaliswinebiT stacionaruli sistemis 





2221111 δδδδδ CfybyCCxCxCyCybym pкшкpшшшшшш ++++−=++ &&&& ;    (59) 
    +−+−=++ δδδ CrCxCxCyCybym зкpшшшшш )( 2*23*2222222 &&&   
*11 δδCfybyC pкшк +++ & ;                            (60) 




kkxCCkxbbxm &&&&&&& ε)()(2)2( 2121  



















1 &ε  


















kk &&& 2)(2)( 212211 +++++ .                          (61) 
ganxiluli gantolebebis gawrfivebul formas aqvs Semdegi 
saxe: 
кшкзRpgшшшшш ybyCCrCxCxCyCybym &&&& 1111*1*11*111 )( −−++−=++ δδδ ;    (62) 
кшкзRpзшшшшш ybyCCrCxCxCyCybym &&&& 3322**21*222 )( −−++−=++ δδδ ;   (63) 
кpшшшшкккккк yCxCyCyCyCybym 2221 −−−=++ &&&& ;                  (64) 
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     [ ] +=++++++ кvжpvжpжхpкpxppx ykkxkkxCCkxbbxm 1121 )(2)2( &&&&&&  
ккк ybyCC &&& 2)(2 21 +++ .                                    (65) 
ukanaskneli gantoleba gamsxvilebuli formiT SeiZleba 
warmodgenili iqnes ase:L 
кккккvжpvжppxppкppx ybyCykkxkkxkxbxm &&&&&&&&& 2111 ++=+++ ,       (66) 
sadac  
);2( 211 CCCк +=  
;2 кpxpк bbb +=  
       )(2 21 CCkk жxpx ++= .  
gawrfivebuli stacionaruli sistemis struqturuli sqema 














        δδ CrCxCF зRзвх )( 111
*
1 ++= ; 
        δδ CrCxCF зRзвх )( 212
*
2 +−= ; 









ш ++= ; 









ш ++= ; 

























CsW ++= 2)( ;                                               
              ;2)( 2111 sbsCkksW ккvжy ++=                                          






sW +++=Γ ;  
              sbCKsW kky 2)( 1
**
1 ++= ; 






vж ++= ε .  
dinamikis maTematikuri modelebis struqturuli da 
parametruli SedarebiT gvaCvenebs, rom dinamikuri mdgradobis 
TvalsazrisiT stacionaruli sistema gasaSualebulisagan 
gansxvavebiT aris ufro daZabuli. 
amasTan dakavSirebiT miRebuli modelebis gamoyenebiT 
SeiZleba SemoTavazebuli iqnes Semdgomi kvlevebis struqtura, 
romelic damyarebulia parametruli sinTezis proceduris 
realizaciaze stacionaruli modelebis gamoyenebiT sinTezis 
meTodis Tanaxmad mocemuli gardamavali procesebis mixedviT da 
Semdgomi dazustebiT arawrfiv modelebze.  
winamdebare gamokvlevebis rezultatebis analizi, 
saSualebas iZleva SejamebiTi saxiT gakeTdes daskvna, rom 
miRebuli modelebis gamoyenebiT SeiZleba Camoyalibebuli iqnes 
dinamikuri gamokvlevebis Tanmimdevroba, romelic agebulia: 
1. gawrfivebuli stacionaruli sistemis parametruli sinTezi, 
romelic iTvaliswinebs am sistemis integralur miaxlovebis 
`sasurveli procesis sistemis~ modelTan; 
2. procesebis integraluri miaxlovebaze arawrfiv da 
gawrfivebul stacionarul sistemebSi; 
3. gamosakvlevi arastacionaruli sistemis mdgradobis analizze. 
gamosakvlevi sistemis parametruli sinTezis amocanis 
realizaciisaTvis misi stacionaruli gawrfivebuli modelis 
mimarT sinTezis cnobili mocemuli gardamavali procesebisa 
meTodis gamoyenebis safuZvelze, SemoTavazebulia gamosakvlevi 
moTvalTvale sistemis Sesavalze safexurebrivi zemoqmedebis 
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kinematikuri sqema, romelic realizebulia namzadis grZivi 
RerZis safexurebrivi gadaadgilebis meSveobiT ganivi 
mimarTulebiT, e.i. x-RerZis gaswvriv. ganixileba sawyisi 
mdebareobebis mimarT fardobiTi gadaadgilebebi. aqve aRvniSnavT, 
rom principialuri midgomiT SeiZleba daSvebuli iqnas: 
21 вxвx
FF ∆=∆ . 
am SemTxvevaSi sistemis struqturuli sqema iRebs saxes, 












Semdgomi gamokvlevebis CatarebisaTvis pirvel rigSi 
vavlenT gadacemis funqciebis sawyis maTematikur gamosaxulebebs, 
romlebic gamoiyeneba gawrfivebuli sistemebis sinTezis 
procedurebSi mocemuli gardamavali procesebis mixedviT. 
gamosakvlevi sistemis srul gadamcem funqcias, gaSlili 
formiT eqneba Semdegi saxe: 










































CC = . 
• 
C2 
• Wк Wy1 









Semdgomi amocana dakavSirebulia parametruli sinTezTan 
gamosaxuleba (67)-is gamoyenebiT, sadac varirebulebad 
warmodgenilia da сb  parametrebi. ukanasknelni warmoadgenen 
gaZlierebis da demfirebis koeficientebs gamosakvlevi sistemis 
hidravlikuri nawilis formulaSi. 
gawrfivebuli stacionaruli sistemis `wrfivi sasurveli 
procesis sistemis~ parametruli sinTezisaTvis gamoyenebul iqnas 
sinTezis cnobili meTodi mocemuli gardamavali procesebis 
mixedviT.  

































= ,   (68) 
sadac p _ karsonis operatori, −mz drois masStaburi koeficienti, 
01 5,0 AA = . 
dasmuli amocanis amosaxsnelad parametruli sinTezis 
SemTxvevaSi mocemuli gardamavali procesebis sinTezis Tanaxmad 
vwerT koordinatebis sawyis tolobas 
)()( pxpx ржp ≈ . 
gaSlili saxiT gveqneba   
)()()()( 0 sxsxCsWsW ржржкбкгтш ≈− ,               (69) 
sadac −)(sx рж sasurveli koordinatis gamosaxuleba )(tx p , 
gardamavali mrudisaTvis, romelic realizebulia erTeuli 
safexurebrivi Semavali zemoqmedebis SemTxvevaSi.                            
gamsxvilebuli saxiT vwerT: 
)()()( 021 sbSks лc Φ=Φ+Φ ν ,                         (70) 
sadac  
)()()()1()( 11 sWksxsBCs кгкvржvкб −+=Φ ;                (71) 
)()()1()(2 sxsBCs ржpxкб +=Φ ;                        (72) 
)()()1()()()(0 sxsBCsWsAs ржvкбкг +−=Φ ν .             (73) 
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Semogvaqvs ganxilvaSi warmosaxviTi sixSireebi ωδ j= , 
woniTi koeficientebi λ da vixilavT pirobiTi gantolebebis 
sistemas. 
),(),(),( 021 mmлcmvmvлmm zbzkz ννννν δλδλδλ Φ=Φ+Φ ,        (74) 
                     lL,,3,2,1=ν . 
 aseTi saxiT miRebuli pirobiTi gantolebebis sistemas 












1 DkDbD vлс =+ ,                    (76) 
sadac 









mvD λ  








mvD λ ; 








mvD λ ; 
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)2(










mvD λ ; 








mvD λ . 
miRebuli normaluri gantolebebis saangariSo sistemis 
Tanaxmad vsazRvravT saZiebel parametrebs лсb  da лсk . 
aqve aRvniSnavT, rom miRebuli damokidebulebebis 
gamoyenebisas varirebulebis saxiT SeiZleba aRebuli iqnen aseve 
parametrebi kb  da шb  Sesabamis dinamikur rgolebSi. 
gamosakvlev sistemaSi mdgradobis pirobebis Semotanis 
proceduris realizaciisaTvis vixilavT sistemis maxasiaTebel 
gantolebebs. 
imis gamo, rom saqme gvaqvs me-9 xarisxis maxasiaTebel 
gantolebasTan mdgradobis sinTezisaTvis vsargeblobT uwyveti 
stacionaruli sistemis dinamikuri mdgradobis analizis cnobili 
meTodikiT. 
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aRniSnuli meTodikis Tanaxmad ixilaven damxmare 
parametrebs iλ , romlebic gamoisaxebian damokidebulebebiT: 
121 ++−= iiiii aaaaλ ,  2,2 −= ni .                      (77) 
Cveni SemTxvevisaTvis gvaqvs: 
21301 гггг aaaa=λ ;   32412 гггг aaaa=λ ; 
                 43523 гггг aaaa=λ ;   54634 гггг aaaa=λ ; 
                 65745 гггг aaaa=λ ;   76856 гггг aaaa=λ ; 
                 87967 гггг aaaa=λ . 
sakvlevi sistemis mdgradobisaTvis sakmarisia, rom 
sruldebodes toloba:  
465,0* ≈< λλi ,   2,1 −=∀ ni ;                    (78) 
89,0**1 ≈<+ + λλλ ii , 3  ,1 −=∀ ni ;                 (79) 
121 <++ ++ iii λλλ , 4  ,1 −=∀ ni ;                   (80) 
)1)(1( 11 +− −−< iii λλλ ,  3  ,2 −=∀ ni .               (81) 
Semdgomi amocanaa – integraluri miaxloveba procesebisa 
arawrfiv da gawrfivebul sistemebSi.  
SemuSavebuli meTodis aprobaciisaTvis naSromSi Catarebuli 
iqna konkretuli saangariSo gamokvlevebi, realizebuli iqna 
sinTezis procesebi, romelTa Sedegad miRebuli iqna 
funqcionaluri damokidebulebebi sinTezirebad parametrebsa da 
sasurveli procesis variaciis damaxasiaTebeli mz  kompleqsuri 
parametris Soris. ukanasknelis ilustraciisaTvis naxazze 7 
moyvanilia )( mv zk -mrudi 1 da )( mpx zb  mrudi 2.  
naSromSi arawrfivi da wrfivi sistemebis amonaxsnebis 
miaxlovebis TvalsazrisiT varirebad parametrad SerCeuli iqna 
hidrosistemis gaZlierebis koeficienti vнk . 
naxazze 7 mrudi 3 aRwers kanonzomierebis )( mvн zk  arawrfiv 
sistemasTan mimarTebaSi. 
miRebuli kanonzomierebebis gamoyenebiT agebuli iqna 
gardamavali procesebis mrudebi, romlebic erTis mxriv 
gviCveneben, maT siaxloves sasurvelTan da, meoris mxriv ki imas, 
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rom miRebuli sinTezirebadi parametrebi gardamavali procesebis 
mrudebTan SeTanwyobaSi gvaZleven sinTezirebadi parametrebis 
SerCevis saSualebas gardamavali procesebis saWiro maCveneblebis 









   aqve SegviZlia aRvniSnoT, rom Catarebuli gamokvlevebis 
Sedegebi: miRebuli dinamikis modelebi da maTi sixSiruli 
analizis meTodikebi, axali midgomebi Semdgomi struqturuli da 
parametruli kvlevebisadmi SemdgomSi warmatebiT SesaZloa iqnas 
gamoyenebuli ganxilvadi makopirebeli saxexi procesis xarisxisa 
da mwarmoeblurobis amaRlebis TvalsazrisiT. 
  
daskvna 
      
1. rTulprofiliani zedapirebis mqone detalebis profilirebi-
saTvis gankuTvnili Carxebisa da saCarxo kompleqsebis 
formawarmoqmnis cnobili meTodebis analizi gviCvenebs, rom 
Tanamedrove saavejo mrewvelobaSi aseTi zedapirebis 
damuSavebisaTvis farTod gamoiyeneba makopirebeli xexvis 
procesebi. 
    es procesebi realizebulni arian rogorc saxexi 
lentebis, aseve pnevmatikuri abraziuli cilindrebis saxiT 
warmodgenili gasaberi instrumentebiT. 
    naCvenebia, rom Carxebisa da saCarxo xazebis struqturis 
TvalsazrisiT farTo gamoyeneba hpoves rotorul-saxexma 











wm n510pxb  
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2. rTulprofiliani zedapirebis rotoruli xexvisaTvis 
gamiznuli pirdapiri kopirebis cnobili saCarxo sistemebis 
analizi gviCvenebs, rom Tu meqanikuri moTvalTvale sistemebiT 
aRWurvili makopirebeli mowyobilobebi damuSavebis sizustis, 
makopirebeli moZraobebis mdgradobisa da simdovris 
TvalsazrisiT dakavSirebulni arian mniSvnelovan teqnologiur 
SezRudvebTan, rac ganpirobebulia sakmaod didi mniSvnelobis 
Zalovani zemoqmedebebis warmoSobiT siCqaris amaRlebul 
reJimebSi muSaobisas, pnevmaturi da hidravlikuri elementebiT 
modificirebuli saCarxo sistemebi agreTve xasiaTdebian 
gamokveTili SezRudvebiT – pirveli mwarmoeblurobis da 
meore kidev funqcionaluri SesaZleblobebis TvalsazrisiT. 
3. arsebul saCarxo sistemebSi gamoyenebuli muSa organoebis 
fardobiT moZraobaTa Semdgomi funqcionaluri gaumjobesebiT 
SemuSavebulia orkoordinatiani kopirebis fardobiTi 
moZraobebis kinematikuri sqema da masze dayrdnobiT hidro-
meqanikuri moTvalTvale sistemiT aRWurvili mrudwirul-
fasonuri zedapirebis kopirebisaTvis gamiznuli rotorul-
saxexi Carxis struqturuli sqema. aseTi Carxis erT-erT 
SemuSavebul modelze miRebulia saavtoro mowmoba. 
4. namzadis, saxexi pnevmocilindrebis, moTvalTvale rgolis da 
makopirebeli Carxis rotoris namzadis moZraobis grZiv da 
ganivi sibrtyeebis mimarTulebebiT fardobiT moZraobaTa 
kinematikis analizis safuZvelze miRebulia saxexi 
pnevmocilindrebis RerZebis mdebareobaTa arawrfivi funqciebi 
da agreTve Carxis rotoris kuTxur moZraobasTan da namzadis 
grZivi mimarTulebiT miwodebasTan dakavSirebuli moTvalTvale 
rgolisa da rotoris fardobiT gadaadgilebaTa kinematikuri 
kanonzomierebebi. 
5. makopirebel mimyol dinamikur procesSi fardobiT moZraobaTa 
analizis safuZvelze gamovlenilia dinamikis aRwerisaTvis 
saWiro ganzogadoebuli koordinatebi. agebulia kinetikuri, 
potencialuri energiebis, disipaciuri funqciisa da 
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ganzogadebul ZalTa gamosaxulebebi da Semdgom maTi 
gamoyenebiT adre gamovlenili arawrfiv mdebareobis funqciebTan 
erTad lagranJis meore rigis gantolebaSi miRebulia 
moTvalTvale rgolis dinamikis maTematikuri modeli.    
sakvlevi sistemis moTvalTvale amZravis hidravlikuri 
nawilis dinamikis aRwerisaTvis gamoyenebuli iqna ZalTa 
balansisa da siTxis xarjebis cnobili gantolebebi. 
   miRebuli iqna mTliani sistemis arawrfivi arastacionaruli 
maTematikuri modeli, romelic Tavis struqturaSi 
diferencialur gantolebebTan erTad Seicavs or 
trancendentul algebrul gantolebas.   
6. sakvlevi makopirebeli Carxis funqcionaluri analizidan 
gamomdinareobs, rom Semdgomi kvlevebis TvalsazrisiT saqme 
gvaqvs rTul orreJimian moTvalTvale sistemasTan. erT 
SemTxvevaSi dafiqsirebuli rotoriT da meoreSi ki mbrunavi 
rotoriT, am reJimebTan mimarTebaSi SemuSavebulia sakvlevi 
sistemis dinamikis maTematikuri modelebi. 
   pirvel reJimSi muSaobisas moTvalTvale sistema aris 
stacionaruli arawrfivi da misi maTematikuri modeli 
Sedgeba moTvalTvale rgolis wrfiv da hidrosistemis 
arawrfiv diferencialur gantolebebidan. 
   meore reJimSi muSaobisas Carxis moTvalTvale sistemis 
maTematikuri modeli aRiwereba droSi cvalebadi 
koeficientebis mqone diferencialuri gantolebebiT. 
7. dinamikis SemuSavebuli maTematikuri modelebis xarisxobrivi 
analizis Sedegad SemoTavazebulia sakvlevi orreJimiani 
moTvalTvale hidromeqanikuri sistemis sinTezis gamoyenebiTi 
Teoria, agebuli stacionaruli sistemis parametrul 
sinTezze mocemuli gardamavali procesebis mixedviT da 
dinamikuri mdgradobis pirobis Semotanaze arawrfiv 
arastacionarul sistemaSi. 
   Tavis mxriv stacionaruli sistemis sinTezis ZiriTadi 
procedurebia: `sasurveli procesis gawrfivebuli modelis~ 
 30
parametruli sinTezi da gardamavali procesebis miaxloeba 
arawrfiv da wrfiv sistemebSi. 
8. sakvlevi sistemis mocemuli gardamavali procesebis mixedviT 
sinTezis meTodis proceduraTa realizaciisaTvis SemuSavebuli 
iqna meTodikebi: sasurveli procesebis Semotanisa, saZiebeli 
parametrebis SerCevisa da mdgradobis pirobis uzrunvelyofisa. 
   Catarebulma saangariSo gamokvlevebma gviCvenes sakvlevi 
sistemis inJinruli sinTezis SemuSavebuli Teoriis 
praqtikuli efeqturoba. naSromSi agreTve moyvanilia 
sakvlevi sistemis Semdgomi struqturuli srulyofisa da 
dinamikuri kvlevis efeqturobis amaRlebis meTodologiuri 
midgomebi.  
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The engineering processes that are characterized by significant difficulties in 
terms of improving the degree of mechanization and automation, belongs to applied in 
modern technology, particularly in the furniture industry, processing of details having 
complex profile surfaces. 
Trend to mechanization and automation of having complex profile surfaces 
details of modern furniture leads to the necessity of development of specialized direct 
action copy-milling and copy-planning machines for mechanical copying direct action 
and full external load templet on surface of templet. 
The analysis of developed and being under development copy machines shows 
that:^ 
− Despite the some variety of developed nowadays follow-up mechanisms and 
machine tools system’s structural layouts and designs, they would be added by 
more effective new schemes  and constructive solutions; 
− Applied in the machine tools follow-up mechanisms are belonging to complex 
nonlinear dynamical non-stationary systems. 
The review of considered follow-up mechanisms development and research 
work shows on actuality of scientific and technical objectives of improving the 
efficiency of analysis and synthesis methods and methodologies of ongoing in them 
dynamic processes.   
The objective of work is presented in terms of functional capabilities of 
machine tools devices for processing of complex profile details to develop the new 
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structurally more perfect multidimensional hydro-mechanical follow-up mechanisms 
schemes and models, development of dynamic research methods and methodologies 
aimed at increasing the effectiveness of the considered equipment design and 
operational parameters. 
For the achievement of objective in the research tasks are including:  
− existing and modified schemes of intended for complex profile details grinding 
machine tools equipment, the analysis of their construction and dynamic research 
methods and methodologies; 
− comparative analysis of having direct copying modified schemes machine tools 
equipment of containing an automatic pneumatic and hydraulic elements and 
systems and formulationof research objectives; 
− analysis of issues of functional and structural construction of application of hydro-
mechanical follow-up system in aimed for processing of complex profile details 
on two-coordinate copying rotor - grinding machine tools; 
− development of structural model of two-coordinate copying machine tool system\s 
elements movements; 
− definition of main kinematic regularities of pneumatic cylinder’s  axes and contact 
points at the processes surface, control link and machine tool’s rotor  relative 
movements in hydraulic rotor-grinding machine tools in interaction with link at 
rotor circular motion and processed work-piece longitudinal movements; 
− in the  dynamics model of full system the consideration of structural issue of 
involving of mathematical model of hydraulic part and construction of dynamics 
mathematical model of follow-up systems; 
− development of research methodologies for fixed as well as for rotational rotary 
follow-up systems; 
− the development of applied theory of considered nonlinear nonstationary hydro-
mechanical follow-up systems parametric synthesis, practical approbation of this 
theory on initial uncontrolled systems and possibility of developed theory analysis.  
The scientific novelty of work includes: 
− development of original scheme of equipped with follow-up hydro-mechanical 
system two coordinate copying machine tool intended for grinding processing of 
furniture wood details; 
− the original regularities of construction and the proposed machine tools hydro-
mechanical follow-up system dynamics in developed models; 
− Application of original methodological approaches in the dynamical studies and 
obtained results of researches. 
The practical value of work includes: 
The offered original schemes of copying machine tool, the mathematical 
models of considered nonlinear non-stationary control systems, research methods and 
methodology, aimed for researched system’s parameters optimization selection.  
In the introductory part are grounded the actuality of dissertational work, is 
carried out the analysis of recent state of construction and research of machine tools 
and machining lines for processing of multi-profile surface. 
Are analyzed the applied mechanical processing methods for various purposes 
complex profile details shape formation. 
It is shown that in the terms of machine-tools and machining lines structure 
widely are applied rotor - grinding copying machine tools and machining lines. 
Applied in the existing machining systems working bodies the schemes of relative 
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movements in the terms of further functional improvement have been developed the 
structural scheme of relative movements of two coordinate copying and grounded on 
it equipped with hydro-mechanical follow-up system aimed for processing of 
curvilinear - shaped surfaces copying rotor - grinding machine. The work-piece, 
grinding pneumatic cylinders, follow-up link and copying machine rotor’s relative 
movements kinematical analysis are accepted grinding pneumatic cylinders axes 
positions non-linear functions, related to the machine rotor angular movement and the 
supply in longitudinal direction of work-piece follow-up link and rotor’s relative 
movement kinematical regularities. 
Grounded on the analysis of relative movements of copying follow-up and 
dynamical processes are revealed required for dynamic description generalized 
coordinates. Are constructed the expressions of kinetic, potential energies, dissipative 
function and the generalized forces. Is accepted the follow-up link’s dynamics 
mathematical model. 
For the description of considered system’s follow-up drive’s hydraulic part 
dynamics are applied the known equations of balance of forces and fluid consumption 
and was constructed the mathematical model of dynamics of follow-up system. 
As the result of qualitative analysis of the developed mathematical models 
dynamics is proposed the applied theory of synthesis of researched two-mode follow-
up hydro-mechanical system, is constructed a based on parametric synthesis of 
stationary system in accordance with transition process and the introduction of 
dynamic stability conditions in nonlinear non-stationary system. 
In turn the basic procedures for the stationary system synthesis are the 
following: “desired process linearized model” parametric synthesis and transition 
processes approximation for nonlinear and linear systems.  
In accordance with transition processes in researched systems for the 
realization of synthesis method’s procedures have been developed the following 
methodologies: introduction of desired processes, selection of desired parameters and 
condition of stability. 
The conducted reporting study shows the practical effectiveness of 
researched system’s engineering synthesis developed theory. 
 
